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Background: Leishmaniasis has been estimated to cause the ninth largest burden amongst global in-
fectious diseases. Occurrence of the disease has been anecdotally associated with periods of conﬂict,
leading to its referral as a disease of ‘guerrilla warfare.’ Despite this, there have been few studies that
quantitatively investigate the extent to which leishmaniasis coincides with conﬂict or political terror.
Methodology: This study employed a longitudinal approach to empirically test for an association be-
tween cutaneous and visceral leishmaniasis incidence with occurrence of conﬂict and political terror at
the national level, annually for 15 years (1995e2010). Leishmaniasis incidence data were collected for 54
countries, and combined with UCDP/PRIO Armed Conﬂict and Amnesty International political terror
datasets. Mixed effects negative binomial regression models clustered at the country-level were con-
structed to evaluate the incidence rate ratios against the predictors, while controlling for wealth.
Additionally, to understand how and why conﬂict-terror may be associated with leishmaniasis incidence,
we conducted a historical analysis. We identify and discuss posited causal mechanisms in the literature,
and critically assessed pathways by which leishmaniasis might occur in places and times of conﬂict-
terror.
Results: There was a signiﬁcant dose-response relationship for disease incidence based on increasing
levels of conﬂict and terror. Country-years experiencing very high levels of conﬂict-terror were associ-
ated with a 2.38 times higher [95% CI: 1.40e4.05] and 6.02 times higher [95% CI: 2.39e15.15] incidence of
cutaneous and visceral leishmaniasis, respectively. Historical analysis indicated that conﬂict and terror
contribute todor coincide withdleishmaniasis incidence through processes of population displacement
and health system deterioration.
Conclusions: This research highlights the potentially increased risks for cutaneous and visceral leish-
maniasis incidence in areas of high conﬂict-terror. Notably, conﬂict-terror may act as an empirical proxy
for indirect and concomitant processes of social breakdown, migration, and instability, which emerge as
the dominant processes associated with disease incidence.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Leishmaniasis, a vector-borne protozoan parasitic diseases
endemic to 88 countries worldwide, is a source of signiﬁcant public
health concern (Alvar et al., 2012; WHO, 2014a; Desjeux, 2001a).
With a prevalence of approximately 12 million cases, leishmaniasis
causes the ninth largest burden amongst global infectious diseases
(Alvar et al., 2012; Desjeux, 2001a). Additionally, it is the leading
cause of morbidity and mortality amongst the World Health, McGill University, Montreal
y), lea.berrangford@mcgill.ca
Ltd. This is an open access article uOrganization’s neglected tropical diseases (NTDs) group (WHO,
2014b). Leishmaniasis is transmitted by sandﬂy vectors (Phleboto-
mus spp.), and its subtypes are caused by various leishmania species
that, if left untreated, can be fatal (Palatnik-de-Sousa and Day,
2011). Despite its global endemicity, over two thirds of the
approximately one million new annual cases of cutaneous leish-
maniasis (CL) occur in only ten countries: Afghanistan, Algeria,
Brazil, Colombia, Costa Rica, Ethiopia, Iran, Peru, Syria and Sudan
(Alvar et al., 2012; WHO, 2014a). Similarly, 90% of the annual
300,000 global cases of visceral leishmaniasis (VL) occur within six
countries: Bangladesh, Brazil, Ethiopia, India, Sudan and South
Sudan (Alvar et al., 2012). Despite leishmaniasis prevention and
treatment strategiese including vector abatement, bed-net usage,
and anti-microbial dispersal (Jacobson, 2011; Hotez et al., 2012) e
leishmaniasis transmission persists, with the most severender the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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correlation has led to its referral in media sources as a disease of
guerrilla warfare (Beyrer et al., 2007).
In recent years, the literature has begun to recognize the im-
pacts of conﬂict on global health outcomes and infectious disease
emergence (Beyrer et al., 2007; Garﬁeld and Neugut, 1991;
Ghobarah et al., 2004; Guha-Sapir and Panhuis, 2004; Iqbal,
2006; Kerridge et al., 2012; Spiegel et al., 2007; Berrang-Ford et al.,
2011). Communicable diseases may be propagated in conﬂict zones
as a result of various social and healthcare system breakdowns,
including: susceptible population movement, compromised heath
programs, shortages in medical care, and the destruction of health-
related infrastructure (Iqbal, 2006; Kerridge et al., 2012; Leaning
and Guha-Sapir, 2013). These conditions are further exacerbated
by the frequent diversion of public and private investment from
health to military expenditure (Kerridge et al., 2013). Vector borne
diseases, such as leishmaniasis, may be particularly impacted by
armed conﬂict due to the introduction of immuno-compromised
populations into areas with limited vector control and surveil-
lance programs (Berrang-Ford et al., 2011). Political terror [PT] and
one-sided violence, which do not necessitate armed conﬂict, have
also been associated with destabilizing public health systems
(Kerridge et al., 2012; Berrang-Ford et al., 2011; Hoddie and Smith,
2009). However, dissociation between this type of violence and
armed conﬂict can be difﬁcult given that they often occur simul-
taneously in unstable regions (Kerridge et al., 2013; Eck and
Hultman, 2007).
Amongst infectious diseases, conﬂict and political violence have
been associated with concomitant increases in HIV/AIDS, malaria
and tuberculosis, suggesting a dose-response relationship where
greater, or more intense, conﬂict is associated with higher inci-
dence (Ghobarah et al., 2004; Li and Wen, 2005). Additionally, high
conﬂict and terror levels have been found to induce prolonged
impacts, known as ‘lag effects,’ for diseases such as human African
trypanosomiasis (Berrang-Ford et al., 2011). Similar results are seen
in cases of leishmaniasisdfor instance, Collin et al. (2004) note
signiﬁcantly greater VL incidence among combatant and civilian
populations during and following periods of civil conﬂict and un-
rest in Sudan and South Sudan. It has also been suggested that
regional conﬂicts and their associated population movements can
complicate leishmaniasis clinical and vector programmanagement,
as well as impede surveillance and knowledge sharing efforts
(Jacobson, 2011; Hotez et al., 2012; Collin et al., 2004). These con-
ﬂict associated impacts, which endure past the initial period of
active warfare, are important but poorly researched determinants
of health.
Despite anecdotal associations, research investigating leish-
maniasis in conﬂict zones has been limited, with case-studies
focused on Sudan, South Sudan and parts of the Middle East
(Jacobson, 2011; Hotez et al., 2012; Collin et al., 2004; Reyburn et al.,
2003; Rowland et al., 1999; Seaman et al., 1996; Zijlstra et al., 1994;
Salam et al., 2014). To our knowledge, there have been neither
multi-country nor multi-year studies assessing evidence that inci-
dence systematically coincides with conﬂict over space and
through time. We herein employ a longitudinal analysis to empir-
ically test for an association between the global incidence of CL and
VL, and occurrence of conﬂict and political terror at the national
level, annually over a 15-year period (1995e2010). Additionally, to
understand how and why conﬂict and/or terror may be associated
with e or proxy determinants of e leishmaniasis incidence, we
conduct a historical analysis. We identify and discuss posited causal
mechanisms in the literature, and critically assess the most likely
pathways by which leishmaniasis might occur. Herein, our objec-
tives include to (1) quantitatively assess the association between
conﬂict and political terror with regards to CL and VL, and (2)evaluate the processes by which conﬂict-terror contributes todor
coincidences withdleishmaniasis incidence.
2. Methods
2.1. Data sources [Table 1]
CL and VL incidence data were obtained from national annual
case reports collected by the World Health Organization Leish-
maniasis Control Team (Alvar et al., 2012). The dataset, which re-
ports the adjusted incidence (i.e. includes the estimated
underreporting rates by country and year), is the most compre-
hensive collection of leishmaniasis incidence available globally. The
surveillance and acquisition processes for the dataset’s develop-
ment are described in detail by Alvar et al. (2012). Given the lack of
systematic reports, commonwith NTDs, only countries with at least
10-years of data between 1995 and 2010 were included in our
analysis. The exception to this criterion was the inclusion of the
previously mentioned 10 and 6 countries known to have the
highest CL and VL incidences, respectively. In total we evaluated
data from 39 countries for CL and 38 countries for VL, both for 15
years [see also Supporting Information]. Sub-national data on
leishmaniasis incidence by Pigott et al. (2014), were considered;
however, these were only available as binary disease occurrences
(i.e. no incidence or prevalence estimates) and were therefore not
suitable for our analysis. Population data, used to standardize the
estimated leishmaniasis incidence per capita, were obtained from
the United Nations Department of Economic and Social Affairs (UN
DESA, 2013).
Armed conﬂict and political terror data were collected for all
countries in our dataset between the years 1985 and 2010. The
inclusion of data up to 10-years prior to leishmaniasis incidence
reports was considered to allow for the possibility of lag periods
(i.e. number of years between conﬂict-terror exposure and leish-
maniasis incidence) (Berrang-Ford et al., 2011). Conﬂict data were
collected at the national level from the UCDP/PRIO Armed Conﬂict
Dataset, which deﬁnes conﬂict as “any contested incompatibility
that concerns government and/or territory where the use of armed
force between two parties, of which at least one is the government
of a state, results in at least 25 battle-related deaths” (Uppsala
Conﬂict Database Program, 2013). Not all conﬂicts at sub-regional
levels are captured by UCDP/PRIO, thus the dataset is biased
against countries with frequentdbut smallerdconﬂicts. We
include only domestic conﬂict (i.e. excluded participation in con-
ﬂicts outside of national borders) to ensure spatial coincidence of
determinants and outcomes within national boundaries. Political
terror data were obtained from the Political Terror Scale database
coded by Amnesty International and the US State Department
(Gibney et al., 2013), and were included to capture violence-related
outcomes not reﬂected by armed conﬂict. The PT measure is based
on a ﬁve-level terror scale (Table 1), which evaluates the integrity of
human rights observed by a country’s government, including: in-
cidents of state induced disappearances, imprisonment, torture
and/or death in a given year. The national level resolution of the PT
variable is also biased against smaller conﬂicts, such as thosewithin
the Balkans, which are not captured in the dataset.
It is plausible eand likely that associations between conﬂict or
terror and leishmaniasis incidence may be partially attributable to
confounding by national wealth. For instance, conﬂict and terror
are more frequent in poorer countries, conﬂict in developing re-
gions can be a drain on national resources, and poorer nations may
have fewer resources for healthcare (Kerridge et al., 2013). We thus
included national wealth as a control variable in all models. Data for
the gross domestic product (GDP) per capita in $International were
retrieved from theWorld Bank [see also Supporting Information] as
Table 1
Key variable deﬁnitions and coding.
Description
Outcome
Leishmaniasis Continuous:
Cutaneous: Incident cases/1000 per capita by country-year
Visceral: Incident cases/1000 per capita by country-year
Predictors
Conﬂict Categorical:
No conﬂict: Less than 25 battle-related deaths recorded in a given year
Minor Conﬂict: 25e999 battle-related deaths in a given year
Major Conﬂict: Greater than or equal to 1000 battle-related deaths in a given conﬂict year
Political Terrora Categorical:
Level 1: Countries under a secure rule of law, people are not imprisoned for their views, and torture is rare or
exceptional. Political murders are extremely rare.
Level 2: There is a limited amount of imprisonment for nonviolent political activity. However, few persons are affected,
torture and beatings are exceptional. Political murder is rare.
Level 3: There is extensive political imprisonment, or a recent history of such imprisonment. Execution or other political
murders and brutality may be common. Unlimited detention, with or without a trial, for political views is accepted.
Level 4: Civil and political rights violations have expanded to large numbers of the population. Murders, disappearances,
and torture are a common part of life. In spite of its generality, on this level terror affects those who interest themselves
in politics or ideas.
Level 5: Terror has expanded to the whole population. The leaders of these societies place no limits on the means or
thoroughness with which they pursue personal or ideological goals.
Covariate
GDP per capitab Continuous:
Gross domestic product converted to international dollars ($International) using purchasing power parity rates.
a The data are coded twice, once by the US State Department and a second time by Amnesty International. Givenminor differences between the twomeasures, themeanwas
determined to be the most comprehensive score for each country (Gibney et al., 2013).
b GDP per capita in $US and healthcare expenditure were also considered, but were poorer univariable predictors of leishmaniasis. Thus only GDP per capita $International
was retained as a control in the models.
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The total CL analysis included 39 countries (n ¼ 510 country-
years) and the VL analysis included 38 countries (n ¼ 507
country-years); however, there were missing data for some years in
some countries. Descriptive statistics included generating a people-
year metric to evaluate leishmaniasis incidence as compared to the
at-risk population (Berrang-Ford et al., 2011). Subsequently,
aggregated average incidences of CL and VL were generated to
visually evaluate time-variant trends. To assess spatial associations
between conﬂict and terror with CL and VL, average incidences
were also generated at the country level.
In our models, the CL and VL incidences per 1000 people were
modelled as outcome measures, with armed conﬂict and political
terror as predictors and controlling for wealth. Due to collinearity
between the two predictors, combined conﬂict-terror levels were
created by grouping categories by natural breaks. The combined
categoriesddivided into ﬁve levelsdwere based on combinations
of conﬂict-terror that descriptively showed similar clusters of cases
(Table 2) [see also Supporting Information]. The multivariable
model used multi-level mixed effects negative binomial regression,
clustered at the country-level. The mixed effects model with a
random intercept clustering at the country level was chosen toTable 2
Composite conﬂict-terror categories.
Combined Conﬂict-terror levelsa Description
Level 1: Very low Countries with no armed conﬂi
Level 2: Low Counties with no armed conﬂic
Level 3: Medium Minor conﬂict and low political
Level 4: High Minor conﬂict and high politica
Level 5: Very high Major conﬂict and high politica
a See Supporting Information Figs. 2 and 3 for details on natural breaks of case clusteaccount for the violation of model independence from repeated
country-year measures. Negative binomial speciﬁcation with a log-
link function was selected to account for over-dispersion of leish-
maniasis incidence data (i.e. a large number of country-years with
no or few cases). Poisson and zero-inﬂatedmodels were also tested,
and not found to be a better ﬁt than the negative binomial distri-
bution. Given that the lag period between exposure to conﬂict and
incidence differs by disease (Berrang-Ford et al., 2011), we tested
our model at varying lag periods (i.e. conﬂict-terror at t1, t2 …
t10) to identify the most signiﬁcant period for leishmaniasis. The
strongest association was found at t1, thus all ﬁnal models used
conﬂict-terror levels lagged one year behind leishmaniasis data. To
adjust for misspeciﬁcation and within-country correlation, the
models used Huber-White Robust SES clustered by country
(Formula (1)).
ln
n
E

yij
X; 2j
o
¼ b0 þ b1X1ij þ b2X2ij þ 2j þ 3ij (1)
y ~ nbinomial
X1 is the conﬂict-terror predictor for country i at time j, where j
is t1
X2 is the wealth (control variable) of country i at time j, where j
is tct and low political terror (levels 1e3).
t and high political terror (levels 4e5).
terror (levels 1e3) as well as major conﬂict and low political terror (levels 1e3).
l terror (levels 4e5).
l terror (level 4e5).
rs used to descriptively create categories.
Fig. 1. Cutaneous and visceral leishmaniasis incidence (cases/100,000) by year,
1995e2010.
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3ij is the error term
Incidence Rate Ratios [IRRs] with 95% conﬁdence-level intervals
are reported for all models.
To verify the statistical power and stability of the models, we
conducted post-estimation tests and sensitivity analyses. Model
diagnostics were assessed by visually examining the assumptions
of normalcy for the residuals and the homogeneity of the random
effects. Sensitivity analyses were conducted by removal of identi-
ﬁed outlier points, and the robustness of the model was veriﬁed to
assumptions. All analyses were performed using STATA 13.0 (Sta-
taCorp, 2013, College Station, TX), and additional graphics were
constructed using ESRI ArcGIS.
3. Results
3.1. Descriptive statistics
Over 8 million CL and 3 million VL cases were recorded in the
dataset between 1995 and 2010 (Table 3). VL incidence was highly
focalized in countries and during years (country-years) experi-
encing high conﬂicteterror. Approximately 65% of all VL cases
occurred in country-years within the high and very high conﬂict-
terror levels, and only 10% occurred in the low and least conﬂict-
terror levels. The proportion of cases occurring in the higher
levels was greater than would be expected, given the at-risk pop-
ulation (44%) measured by the people-year distribution. CL indi-
cated a weaker relationship, with country-years in the very high
conﬂict-terror level containing 17% of cases and the second high-
est level containing 16%. As compared to the at-risk people-years,
there was higher incidence at lower conﬂict-terror levels (37%)
than would be expected (28%). This suggests that as compared to
VL, the association between CL and conﬂict-terror is less clear.
Temporally, both subtypes followed similar trends in annual inci-
dence rates (Fig. 1). In general, incidence increased for both CL and
VL over the study period, with ﬂuctuations in the late 1990s and
mid-2000s, followed by substantial increases towards the end of
the study period. The spatial distribution of VL (Fig. 2) indicates that
incidencedand in particular high magnitudes of inci-
dencedcoincide with regions experiencing higher levels of
conﬂict-terror. Spatial coincidence of CL incidence and conﬂict-
terror is also evident, but to a lesser extent (Fig. 3).
3.2. Statistical modelling
Incidence of leishmaniasisdespecially visceral leishmania-
sisdwas signiﬁcantly greater in country-years with very high levels
of conﬂict-terror (Table 4). The incidence of CL/1000 people was
2.38 times greater [IRR¼ 2.38, 95% CI: 1.40e4.05] for country-years
in the highest level of conﬂict-terror as compared to those in the
lowest level. Only low conﬂict-terror and very high conﬂict-terror
(versus no conﬂict and low terror) showed a signiﬁcant effect onTable 3
Summary statistics of cutaneous and visceral leishmaniasis, 1995e2010.
Number of cutaneous cases (%)
Total 8,291,928 (100)
Conﬂict-Terror level
Level 1: Very Low 3,081,504 (37.2)
Level 2: Low 1,929,195 (23.3)
Level 3: Medium 538,038 (6.5)
Level 4: High 1,329,155 (16.0)
Level 5: Very High 1,414,036 (17.1)CL disease incidence, with no clear or signiﬁcant dose-response
gradient in between. VL displayed a stronger and more signiﬁcant
dose-response relationship for increasing levels of conﬂict-terror.
Medium, High and Very High conﬂict-terror levels were signiﬁ-
cantly associated with elevated IRRs of VL. Indeed, the incidence
rate of VL for country-years experiencing High and Very High
conﬂict-terror was 5e6 times greater [IRR ¼ 5.93, 95% CI:
2.32e15.17 and IRR ¼ 6.02, 95% CI: 2.39e15.15] than for country-
years at the lowest level. These associations persisted even when
controlling for wealth; unadjusted IRRs excluding wealth ranged
from 2.23 [95% CI: 1.18e4.19] for CL to 8.22 [95% CI: 2.73e24.72] for
VL at Very High conﬂict-terror levels [see also Supporting
Information]. This indicates that wealth may account for some-
dbut not alldof the association between conﬂict-terror and
leishmaniasis.
Additionally, we evaluated IRRs by conﬂict-terror lagged by up
to 10 years. Incidences for both CL and VLwere strongest at conﬂict-
terror lagged by only one year. Values decreased in both effect size
and signiﬁcance at longer lag periods, suggesting that the impacts
of conﬂict-terror on leishmaniasis are more immediate. Pearson
residuals indicate that there are a small number of countries that
contain a very high number of cases (namely Sudan and South
Sudan), thus residuals >1.5 and <1.5 were removed for sensitivity
analyses. Model IRRs remained stable and were not signiﬁcantly
affected by outliers. The robustness of the model was also tested to
climatic assumptions using country latitudes as a proxy (Tuite et al.,
2013); this was not found to signiﬁcantly affect the outcomes. Post-
estimation diagnostics identiﬁed no concerns with model ﬁt.4. Discussion
Conﬂict-terrordparticularly Very High levelsd may be a risk
factor for leishmaniasis; indeed incidence rate ratios of greater than
2 (for CL) and 6 (for VL) indicate substantial spatio-temporalNumber of visceral cases (%) Number of people-years (%)
3,430,054 (100) 43,437,520 (100)
175,545 (5.1) 12,400,000 (28.5)
176,089 (5.1) 5,100,493 (11.7)
825,026 (24.1) 6,655,965 (15.3)
1,380,556 (40.2) 12,500,000 (28.8)
872,838 (25.4) 6,753,063 (15.5)
Fig. 2. Visceral leishmaniasis incidence (cases/100,000) for countries with at least 10-years of available data overlaid on mean conﬂict-terror, 1995e2010.
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asis incidence in the same geographic location is not well studied,
these results are consistent with the growing body of literature
identifying conﬂict and terror as determinants for infectious dis-
ease (Ghobarah et al., 2004; Guha-Sapir and Panhuis, 2004; Iqbal,
2006; Kerridge et al., 2012; Spiegel et al., 2007; Elston, 2003).
Because we controlled for national wealth, it is unlikely that the
outcomes owed solely to economic confounding.
The signiﬁcance of the results and the magnitude of association
between conﬂict-terror levels are greater for VL than for CL. This
variation in disease subtype may be due to different transmission
pathways, which are likely responding differently to conﬂict-terror
inﬂuences (Chappuis et al., 2007). CL can infect a variety of hosts
including: small rodents, marsupials, domestic dogs, and humans;
however, VL primarily follows an anthroponotic (i.e. highly human-
dependent) transmission cycle (Pigott et al., 2014; Reithinger et al.,
2007a). An anthroponotic transmission cycle suggests that conﬂict-
terror conditions, which are known to correspond with crowding,
migration, population displacement and poor housing, may be
particularly signiﬁcant in propagating disease within human pop-
ulations (Beyrer et al., 2007). In contrast, the less direct and more
complex mechanisms by which conﬂict-terror inﬂuences non-
anthroponotic disease transmission, may explain the inconsistent
results for CL incidence. The association between the extremely
high incidence rate and high conﬂict-terror within Sudan, South
Sudan and Ethiopia may also contribute to the observed results.
These countries account for the three highest VL incidence percapita within our dataset, and they were consistently at a High or
Very High conﬂict-terror level; neither of these countries met
criteria for inclusion in the CL analysis. Their higher residual values,
which suggest that the model under-predicted incidence, may
indicate that the IRRs were subject to the inﬂuence of a relatively
small number of countries. Notably, however, our analysis controls
for temporal clustering by countrydthrough multi-level modelling
and robust clustered errorsdindicating that evenwithin these high
incidence countries, VL rates are associated with changing magni-
tudes of conﬂict-terror between years.4.1. Limitations
The signiﬁcant variation in CL and VL incidence rates across
space and through time demonstrates the value of evaluating the
disease burden between countries. The model identiﬁes a high
degree of differentiation between countries of high and low
conﬂict-terror. However, it is limited in its ability to detect temporal
variation within a country, especially when the country consis-
tently experienced high conﬂict-terror. Although these nations
have peaks of incidence within the study period, they are not well
explained within the model given the consistent conﬂict. Sub-
national level data for both CL/VL incidence and conﬂict-terror
could better explain within country variation and avoid assump-
tions of spatial homogeneity (Berrang-Ford et al., 2011). Finer data
resolution could be useful in overcoming bias against smaller or
less frequent conﬂicts, such as notable disputes within the Balkan
Fig. 3. Cutaneous leishmaniasis incidence (cases/100,000) for countries with at least 10-years of available data overlaid on mean conﬂict-terror, 1995e2010.
Table 4
IRR of leishmaniasis at differing conﬂict-terror levels at 1-year lag.
IRR (95% conﬁdence interval)
Cutaneous Visceral
Predictor
Conﬂict-Terror level n ¼ 510 n ¼ 507
Level 1: Very low Ref Ref
Level 2: Low 1.35 (1.05e1.72)* 2.48 (0.83e7.37)
Level 3: Medium 1.05 (0.85e1.30) 3.49 (1.51e8.05)**
Level 4: High 1.23 (0.96e1.58) 5.93 (2.32e15.17)**
Level 5: Very High 2.38 (1.40e4.05)** 6.02 (2.39e15.15)**
Control
GDP per capita (International $) 0.99 (0.99e1.00) 0.99 (0.9997e0.999)**
*p < 0.05.
**p < 0.01.
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terror as ‘state-induced’ does not adequately capture processes of
terror induced by other groups such as in the cases of Boko Haram,
ISIS or organized crime within Mexico and Brazil. Thus, more
nuanced conﬂict-terror categoriesdespecially at the higher lev-
elsdmay identify within country variations, thereby elevating the
statistical power of the model.
Missing data and underreporting rates of CL and VL, which stem
from the fact that leishmaniasis is an NTD, are another limitation.
Although Alvar et al. (2012) attempt to account for underreporting
rates, it is still widely accepted that leishmaniasis is poorlydiagnosed and recorded (Alvar et al., 2012; Chappuis et al., 2007).
These underreporting rates and missing data are further exacer-
bated given the focus of this study in conﬂict-terror zones, where
healthcare capacities are particularly weak. For instance, our
analysis indicates that Palestine has high incidence of CL
throughout the study period, which coincides with high and very
high levels of conﬂict-terror in the region; however, CL incidence
for Israel was not included given missing data. As such these ana-
lyses do not account for reduced surveillance bias during times of
conﬂict-terror, nor do they account for increased and advanced
surveillance technologies through time. Although missing data is a
critical issue within observational studies, these factors would be
expected to bias towards the null, implying that the results pre-
sented here may be conservative.4.2. Historical analysis
The empirical association between conﬂict-terror and leish-
maniasis incidence cannot be presumed to imply a causal impact;
data do not existeand it is not feasibleeto conduct robust quanti-
tative causal modelling on this topic globally. Indeed the associa-
tions presented here may be confounded by other factors, and
conﬂict-terror may act as a proxy for broader social processes.
Thus, we conducted a historical literature analysis to qualitatively
unpack the possible causal (or proxy) mechanisms underpinning
our results. Using our multivariable model as an heuristic tool, we
explored the potential processes by which conﬂict-terror has
I. Berry, L. Berrang-Ford / Social Science & Medicine 167 (2016) 140e149146historically contributed todor coincided withdnotable leishman-
iasis incidence clusters. We selected spatial and temporal hotspots
of leishmaniasis from our dataset, and conducted focused literature
reviews to investigate the mechanisms posited in the literature for
increased incidence, with particular attention to consideration of
conﬂict and terror (Table 5).
Many countries within our dataset have been linked to conﬂict
or conﬂict-terror related events; this is speciﬁcally the case for
Sudan, South Sudan and Ethiopia for VL (Fig. 4a), and Afghanistan,
Iraq, and Colombia for CL (Fig. 4b). For instance, associations be-
tween the Sudanese Civil War (1983e2005) and VL incidence in
Sudan and South Sudan is one of the leading explanations for the
sustained epidemic (Zijlstra et al., 1994; Reithinger et al., 2007b). In
particular, conﬂict and conﬂict-terror conditions may capture
processes of migration within the region, speciﬁcally the migration
of vulnerable populations into dense or overcrowded areas (Beyrer
et al., 2007; Aagaard-Hansen et al., 2010). Such population transi-
tions not only strain vulnerable individualsdcontributing to
immune-compromised health statusdbut they can also increase
human-vector interactions (Desjeux, 2001b). Our analysis indicates
that South Sudan’s peaks in VL incidences occurred between 2002
and 2005, which coincides with the mass internal migrations that
preceded its autonomy in 2005 (Kolaczinski et al., 2008). Addi-
tionally, the literature suggests that large inﬂuxes of refugees and
displaced persons from this conﬂict may be associated with spill-
over into neighboring Ethiopia, another area of high VL incidence
(Desjeux, 2004). Migration and overcrowded conditions have also
been found to occur in refugee camps or among displaced popu-
lation routes. In Afghanistan, the largest CL outbreaks occurred in
2002 and 2007within Kabul refugee camps (Reithinger et al., 2010).
Persistence of the disease in Kabul has been thought to be at least
partially attributed to the continuous ﬂow of migrants to over-
crowded camps (Aagaard-Hansen et al., 2010).
Conﬂict-induced determinants may be further exacerbated by
political terror, which captures the broader social instability and
breakdown that can occur. Terror can result in the limiting of re-
sources towards, and access to, vector-control programmes, treat-
ment options, and surveillance capabilities (Jacobson, 2011). For
instance, we identify Colombia as a severe CL disease cluster, and it
was categorized within High or Very High conﬂict-terror levels for
the entirety of the study period. Reports indicate that political
violence and social unrest have escalated since the 1980swithin the
country (Bern et al., 2008), and there have been concomitant in-
creases in military spending from 0.92% of the GDP in 1991 to 3.3%
in 2005 (Beyrer et al., 2007). These funding reallocations could be
associated with reductions in public health initiatives. With
reduced access to CL treatment options or decreased vector sur-
veillance, it is possible that infected individuals whomay be subject
to internal displacement are continuing to perpetuate the disease
(Beyrer et al., 2007; Aagaard-Hansen et al., 2010). In Iraq, it is
postulated that similar socio-political and economic processes may
be occurring at the population level (Jacobson, 2011; Salam et al.,
2014). These areas of persistent conﬂict, political instability, and
leishmaniasis, suggest that conﬂict-terror may be a signiﬁcant risk
factor for disease incidence.
Alternativelydor concurrentlydconﬂict-terror may be
capturing larger social processes. Conﬂict-terror acts as an empir-
ical proxy for social breakdown, migration, and instability beyond
measures of wealth (Reithinger et al., 2003; Bern et al., 2008;
Hewitt et al., 1998). In countries where conﬂict-terror has been
inconsistent but population movement has been sustained, the
processes may become conﬂated. For instance, Iran is considered a
conﬂict/post-conﬂict hotspot and has reported high levels of in-
ternal migration, which could point to interactions between these
dual processes and high leishmaniasis incidence (Hotez andThompson, 2009). Even within this, analyses suggest that terror
may be a more nuanced indicator of leishmaniasis incidence than
armed conﬂict levels. This is likely compelled by severe leishman-
iasis incidence in countries reporting no formal conﬂict, but high
levels of political terror. Syria, for example, records no years of
armed conﬂict between 1995 and 2010, but all years have a political
terror level of 3 or 4. Within the country, CL is focalized in the city
and peri-urban areas of Aleppo (Desjeux, 2004). Althoughwe found
no literature positing a relationship between conﬂict-terror and CL
incidence within our study period, Syria’s political instability has
been linked to internal migration and refugee movements (Hotez,
2014; Salam et al., 2014). In this case, political terrordas opposed
to conﬂictdmay more accurately capture changes affecting health
services. In other words, it may not be the actual armed conﬂict per
se that is associated with increased leishmaniasis incidence, but the
larger socio-economic and political changes in a country’s ability to
prevent and control disease during and proceeding conﬂict periods
that is of primary concern (Berrang-Ford et al., 2011). Notably, the
situation in Syria since 2010 has escalated, and there has been an
abundance of literature linking leishmaniasis incidence in Syria and
Syrian refugees in Lebanon and Turkey with conﬂict (Sarouﬁm
et al., 2014; Petersen et al., 2013; Alawieh et al., 2014).
Within Latin America, again the literature predominantly in-
dicates that social vulnerability and migration are major leish-
maniasis determinants (Desjeux, 2004). Social vulnerability can be
engendered through processes of unplanned or poorly structured
migrations, which promote high population density, low sanitation
and precarious living conditions (Desjeux, 2001a). Although
generally considered a rural disease, these populated areas may
foster leishmaniasis vector domestication and adaptation, in turn
leading to increased transmission in urban and peri-urban areas
(Bern et al., 2008). Stagnant water pools, which are essential for
vector breeding and development, may also form in these peri-
urban areas due to the construction of makeshift water sources
for migrant populations (Aagaard-Hansen et al., 2010). Such pro-
cesses may have been particularly relevant in the cases of Bolivia
and Peru, where settlement schemes have been associated with
mass rural-to-urban migrations (Alcais et al., 1997; Davies et al.,
2000). Within Brazil this migration trend has been particularly
linked with the formation of favelas (shanty towns), which are built
at the edges of cities and close to forested areas (Aagaard-Hansen
et al., 2010). These areas are characterized by limited medical ac-
cess, high population density, organized crime, environmental
degradation, and inadequate sewage disposal, all of which may
capture the complexity of human-vector interactions for both
leishmaniasis subtypes (Aagaard-Hansen et al., 2010; Desjeux,
2001b). Notably, Brazil reported no occurrence of armed conﬂict
within the study period, but High (level 4) terror levels for 13 of the
included years. As noted earlier, these overarching social and po-
litical processes may be captured withindor conﬂated withdthe
conﬂict, and particularly the terror dataset. In the event that
migration and social vulnerability are dominant processes within
favelas, they could propagate leishmaniasis in similar ways to its
spread within refugee camps.
Populations with low economic capacity and its associated so-
cial vulnerability are also typically plagued by limited access to
disease prevention, treatment, and general care (Spiegel et al.,
2007). This may be the case for VL incidence within India, Nepal,
and Bangladeshdwhere intense transmission is highly focalized in
extremely poor communities. The increasing costs of caring for VL
patients (an estimated US $80e120 in South Asia) has been high-
lighted as an economic barrier (Alvar et al., 2006). Additionally,
there are reports of large in-and-out migrations within the region
(Desjeux, 2004). All three of these countries fall within the low or
lower-middle income groupings according to World Bank
Table 5
Summary of space-time hotspots of cutaneous and visceral incidence 1995e2010.a.
Country Signiﬁcant
sub-Type
Incidence/
100,000
Peak dates Comments
Afghanistan CL 638.6 1995, 2002,
2007e2010
The high incidence has been linked to the consistent conﬂict, socio-political instability, and foreign military
intervention occurring in the 1990s. While the whole country is endemic, the highest incidence rates have been
associated with refugee camps in Kabul in the years 1995, 2002, and 2007. In particular, these outbreaks have been
associated with poor housing conditions, displacement and migration of people, as well as poor healthcare
infrastructure (Reithinger et al., 2003; Reithinger et al., 2010; Aagaard-Hansen et al., 2010; Aagaard-Hansen and
Chaignat, 2010).
Algeria CL 29.2 2003 & 2004 Although the country has experienced signiﬁcant civil conﬂict and political terror, we were unable to identify
published literature on determinants of CL outbreaks. However, the country was home to a civil war, which began in
1990 between the government and various rebel groups, and subsided in the early 2000s. Following this conﬂict, the
country has faced signiﬁcant political instability, particularly between 2002 and 2007 (Martinez, 2000).
Bangladesh VL 12.8 2006 Bangladesh has experienced recurrent epidemics and a progressive increase in VL incidence since the mid-1990s
(Bern et al., 2008). However, the literature identiﬁes socio-economic vulnerability as the dominant factor for
increased transmission processes (Alvar et al., 2006). There appears to be no references to associations between
conﬂict or terror and VL.
Bolivia CL 95.4 2006 & 2007 There is limited published evidence about leishmaniasis in Bolivia. It has been noted that the country has
experienced high rates of internal migration since the 1980s thereby introducing susceptible populations into
endemic regions (Alcais et al., 1997; Desjeux, 2004).
Brazil CL/VL 53.1/2.8 1995 & 2000 Demographic and environmental factors have largely been linked to the persistent CL and VL incidences. The
number of cases has been generally increasing since the 1990s, which is associated with rural-urban migration and
subsequent increased population density, favelas, and precarious living conditions (Aagaard-Hansen et al., 2010;
Bern et al., 2008; Desjeux, 2001b).
Colombia CL 83.8 2004e2006 Leishmaniasis incidence coincides with the country’s high political violence, guerilla warfare, and social unrest, all of
which have escalated since the 1980s. The highest incidence rates are known to have occurred among military
personnel and insurgents, especially during uprisings in 2004 and 2006 (Beyrer et al., 2007; Bern et al., 2008).
Additionally, the conﬂict-terror has led to the internal displacement of approximately 3.6 million Colombian citizens
between the years 1985 and 2005 (Beyrer et al., 2007).
Costa Rica CL 112.2 2006 & 2009 There is very little published evidence on CL incidence in Costa Rica, and we were not able to ﬁnd information in
regards to its speciﬁc determinants.
Ethiopia VL 102.5 2000 & 2005 Aside from a signiﬁcant period of civil war (1970e1991) and national disputes (1998e2000), evidence suggests that
migrant workers and refugee populations from the bordering Sudan-South Sudan conﬂict spilled into Ethiopia
(Desjeux, 2004). This may have contributed to the sustained leishmaniasis epidemics and limited healthcare
capacity within the region.
Honduras CL 70.5 2004 It has been suggested that the country’s history of military regimes and corruption within the military has
exacerbated crime and furthered social vulnerability within the population (Geneva Academy, 2015). However, the
literature regarding CL in Honduras is lacking.
India VL 13.0 2006 & 2007 Leishmaniasis incidence in this region stretches across northeast India, through the border into Nepal and central
Bangladesh (Bern et al., 2008). Socio-economic and cultural factors have been identiﬁed as primary determinants for
the persistence of the disease (Alvar et al., 2006; Desjeux, 2001b). Hostility, civil unrest and border disputes could
also be potential explanations (Kujur, 2009).
Iran CL 112.3 2004 Iran has been identiﬁed as a conﬂict/post-conﬂict hot spot (Hotez and Thompson, 2009), given the intermittent
conﬂict that has been present since the 1960s. Notable conﬂicts include the 1991 GulfWar and the 2004 civil conﬂict
(Jacobson, 2011). A particularly high resurgence of CL incidence following 2003 has been attributed to an earthquake
in the Bam region, which destabilized health infrastructure (Shariﬁ et al., 2011).
Iraq CL/VL 78.7/25.4 1995,
1996 & 2009
The high incidences of both CL and VL have been linked to the persistent conﬂict and terror induced by the
government and from abroad. Civilian cases re-surged in the mid 1990s following the Gulf War, and military cases
started rising in 2003 and peaked in 2009. Additionally, this conﬂict has directly impacted population movements,
sanitary conditions, health infrastructure, and the access to leishmaniasis treatment (Jacobson, 2011; Salam et al.,
2014; Desjeux, 2001b; Hotez and Thompson, 2009).
Nepal VL 19.7 2000e2003 Despite containing a signiﬁcant VL caseload, there is very little published and publically available literature on its
determinants in Nepal. The country is subject to continuous population movement between India and Bangladesh,
and it has reported intermittent political instability between 1996 and 2006 (Bern et al., 2008; Desjeux, 2004;
Desjeux, 2001b).
Panama CL 254.9 2006 There is very little literature on CL incidence in Panama, and we found no evidence for speciﬁc processes or causal
mechanisms.
Peru CL 109.9 1996 & 2007 The literature has noted the steadily increasing CL rate in the country since the 1980s, but has mainly attributed this
to settlement schemes and population migration from high Andean plateaus to low tropical plains (Desjeux, 2004;
Davies et al., 2000).
Tunisia CL 209.5 2005 The key factors associated with spatio-temporal dynamics of leishmaniasis in the country are not well established in
the literature. Potential associations have been made with geo-physical and environmental properties conducive to
sandﬂy and rodent proliferation (Salah et al., 2007). Additionally, Tunisia’s surrounding countries are areas of high
conﬂict-terror, which could induce disease spill-over.
Sudan VL 85.0 1999e2003 Consistent leishmaniasis incidence has been linked to the long Sudan-South Sudan civil war (1983e2005). In
addition to population displacement, the high rates of leishmaniasis mortality could be due to food insecurity,
population malnourishment, and limited medical access associated with the war (WHO, 2014a; Zijlstra et al., 1994;
Aagaard-Hansen and Chaignat, 2010; Reithinger et al., 2007b).
South Sudan VL 200.4 2002e2005 Given that South Sudan’s ofﬁcial independence from Sudan only occurred in 2011, many of the same causal
mechanisms are attributed to its high leishmaniasis incidence within our study period (Seaman et al., 1996). VL
peaks have been particularly associated with the mass population displacements that occurred between 2002 and
2005, preceding the separation and autonomy of South Sudan (Kolaczinski et al., 2008).
Syria CL 466.5 2009 & 2010 Leishmaniasis is endemic in the region and its increased incidence rate since 1985 has been associated with political
instability, rural-urban migration, high population density, poor housing and population displacements to refugee
camps (Bern et al., 2008; Desjeux, 2004; Hayani et al., 2015). Syria ha been indicated as a conﬂict/post-conﬂict hot
spot in association with NTDs (Hotez and Thompson, 2009). Additionally, in recent years that are out of the scope of
this paper, the high incidence rates of CL have been directly associated with conﬂict and its related health system
breakdowns (Salam et al., 2014).
a We selected countries exceeding the global average incidences for CL and VL between 1995 and 2010, as well as all of the previously identiﬁed ten CL and six VL hotspots
not already included [see also Supporting Information].
Fig. 4. Panel a) Timeline of selected conﬂict-terror events and visceral leishmaniasis
(cases/100,000) by year, 1995e2010. Panel b) Timeline of selected conﬂict-terror
events and cutaneous leishmaniasis (cases/100,000) by year, 1995e2010.
I. Berry, L. Berrang-Ford / Social Science & Medicine 167 (2016) 140e149148estimates, therefore suggesting that poverty and leishmaniasis may
interact in a feedback loop that exacerbates disease burden (World
Bank, 2014; Alvar et al., 2006). However, our aggregate model
suggests that conﬂict-terror associations remain even when con-
trolling for wealth. Within our dataset, both India and Nepal were
categorized in high and very high conﬂict-terror levels. Although
this may be a component of the elevated incidence ratesdwith
Nepal indicating intermittent periods of civil conﬂict between 1996
and 2006 and India indicating resurgent border disputes in the
Northwest with Pakistan, as well as unrest in the Northeast by
Naxilites in Bihar (Uppsala Conﬂict Database Program, 2013;
Gibney et al., 2013; Kujur, 2009)dthis highlights the bias of our
data’s deﬁnitions of conﬂict and terror. In particular, the dataset
may overgeneralize exposure due to aggregation at the national
level and the pooling of spatial and temporal data. Given that only
one conﬂict-terror level data point was assigned to each country-
year, it is implied that regions within the country have homoge-
nous exposure and outcomes to conﬂict-terror processes. As such,
where there is limited anecdotal association between leishmaniasis
determinants and conﬂict, our analysis points to conﬂation with
larger processes of migration, the breakdown of health resources,
and social vulnerability that may limit disease control and pre-
vention due to political instability. These identiﬁed factors are
consistent with the conceptual framework created by Aagaard-Hansen and Chaignat (2010) which speciﬁes how social de-
terminants affect NTDs. Particularly relevant are the associations
between leishmaniasis and housing and clustering, migration, di-
sasters and conﬂicts, socio-cultural factors and poverty amongst
vulnerable populations (Aagaard-Hansen and Chaignat, 2010).
5. Conclusions
Our ﬁndings indicate that populations in countries with major
conﬂict and high political terror are at signiﬁcantly elevated risk for
both cutaneous and visceral leishmaniasis, as compared to those in
areas with no conﬂict and low terror. Through a historical analysis,
we suggest that terror may be a more sensitive descriptor for the
larger socio-economic and political processes that are associated
with increased leishmaniasis incidence. However, further research
is needed to better understand these associations while taking into
account the important roles that environmental and other social
determinants have on leishmaniasis incidence (Aagaard-Hansen
et al., 2009). Modelling exercises, with speciﬁc parameters for
temperature, rainfall and vegetation coverage in addition to our
distal social factors may provide such insight. Sub-national ana-
lyses, which disaggregate conﬂict-terror and leishmaniasis data to
more accurately reﬂect their uneven spatial distribution, are also
necessary research avenues for understanding their epidemiology.
Current interventions for leishmaniasis control and prevention
presume stable social and political contexts for the delivery of
services. However, these results highlight the need for explicit
considerations and adaptations to these strategies within the
context of instability. As such, it is recommended that leishmaniasis
risk assessments consider integrating socio-political indices, such
as conﬂict-terror and migration, into their statistical and spatial
analyses to better target areas of intervention (Aagaard-Hansen
et al., 2009). Health impact evaluations in leishmaniasis endemic
areas, should also consider conﬂict and terror, particularly in the
context of internal migration and displacement.
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